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(54) NITRIDE SEMICONDUCTOR UGHT-RECEIVING ELEMENT 
(57)Abstract 

PROBLEM TO BE SOLVED: To realize a laser element of a structure, 
wh rein light which leaks mainly in the side of a substrate is effectively 
made to reflect to improve the light extraction efficiency of a light-emitting 
element and at the same time, effective reflecting mirrors, which are used 
as r senators, are provided in the interior of a semiconductor layer. 
SOLUTION: First, reflecting mirrors 100, which are not grown with a nitride 
s miconductor film on the surfaces thereof or have a property to hardly 
grow th nitride semiconductor film on the surfaces thereof and make light 

mission from an active layer reflect, are partially formed on a base layer 
consisting of a first nitride semiconductor layer 2 formed on a 
h t rosubstrate 1, consisting of a material different from a nitride 
s miconductor material. Moreover, a second nitride semiconductor layer 3 
grown in such a way that the layer 3 reaches from the window parts of the 
mirrors 1 00 to the surface of the mirrors 1 00 is used as a substrate, and a 
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ar laminated on the substrate, whereby the light emission from the active 
lay r Is made to be reflected upwards by the mirrors 100. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This d cument has be n translat d by c mputer.So the translati n may not reflect the original precisely. 

2. 4oMc9(c shows the w rd which can n t b translat d. 
3.1n the drawings, any words ar not translat d. 



CLAIMS 

[Claim(s)] 

[Claim 1] On the ground layer which consists of the 1st nitride semiconductor formed on the different-species substrat 
which consists of a different material from a nitride semiconductor Or it has the property to be hard to grow up. or [ that a 
nitrid semiconductor does not grow up to be a front face ] — And the 1st reflecting mirror which reflects luminescenc of 
a barrier layer is formed partially, and the 2nd nitride semiconductor which grew so that the front face of the reflecting 
mirror might be reached is further used as a substrate from the window part of the 1st reflecting mirror. The nitride 
s miconductor light emitting device to which the laminating of two or more nitride semiconductor layers which contain a 
barri r layer at least on the substrate is carried out and they are characterized by the bird clapper. 
[Claim 2] The nitride semiconductor light emitting device according to claim 1 which the 2nd reflecting mirror is partially 
form d on the nitride semiconductor layer of the above 2nd. and two or more nitride semiconductor layers which contain a 
barrier layer at least on the substrate grow by using as a substrate the 3rd nitride semiconductor which grew from the 
wind w part of the 2nd reflecting mirror so that the front face of the 2nd reflecting mirror might be reached, and is 
charact rized by the bird clapper. 

[Claim 3] The 2nd reflecting mirror of the above is a nitride semiconductor light emitting device according to claim 2 
charact rized by being formed on the 2nd nitride semiconductor layer corresponding to the position of the window part of 
th 1st reflecting mirror. 

[Claim 4] The nitride semiconductor light emitting device according to claim 1 to which area of the aforementioned 
reflecting mirror is characterized by being larger than the area of a window part. 



[Translation done.] 
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D ETAILED DESCRPTIPN 

[D tailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the light emitting device which consists of a nitride semiconductor 
(InaAlbGal-a-bN. 0<=a, 0<=b, a+b<=1) used for light emitting diode (Light Emitting Diode), a laser diode (LD), a super 
lumin scent diode (SLD). etc. 
[0002] 

[Description of the Prior Art] The nitride semiconductor is already put in practical use as blue Light Emitting Diode and a 
gr en Light Emitting Diode. These Light Emitting Diodes have terrorism structure to the double by which the laminating of n 
typ and the p type nitride semiconductor was carried out on silicon on sapphire, and the barrier layer has the nitride 
semiconductor layer of quantum well structure. The nitride semiconductor light emitting device which constitutes Light 
Emitting Diode is divided into two kinds of modes, the case where this silicon-on-sapphire side is made into a luminescence 
obs rvation side side, and when a nitride semiconductor layer side is made into a luminescence observation side side. Sine 
the chip size became large, and it generally uses the property of transparent sapphire positively although handling natur 
also has the fault which becomes bad in case an electrode is connected to a base material like a leadframe since positiv 
andth negative electrode are prepared in the same side side when a nitride semiconductor makes a silicon-on-sapphir 
side a luminescence observation side for example, there is an advantage that optical ejection efficiency becomes good. On 
the oth r hand, although a chip size can also be made small and handling nature is also very excellent compared with th 
case of the former when making a nitride semiconductor side into a luminescence observation side, the light which leaks to 
a siiic n-on-sapphire side has the fault that it is absorbed by the adhesives of a leadframe and optical ejection efficiency 
becomes bad. The direction of the latter with handling nature sufficient [ Light Emitting Diode generally marketed ] is 
chos n. 
[0003] 

[ProbI m(s) to be Solved by the Invention] Although the technology which forms a light reflex film in a silicon-on-sapphire 
front fac was also proposed in order to reflect the light which leaks to a silicon-on-sapphire side in the case of the latter, 
it was not what it can still be satisfied [ with this technology ] of enough. Moreover, in the technology which forms a 
reflecting mirror in the interior of a semiconductor layer like a surface emissionHype laser element, when a reflecting mirror 
is pr par d in a silicon-on-sapphire side, it is in a difficult inclination that distance with a barrier layer is too large, and us s 
a r fl cting mirror as a resonator. 

[0004] It is in realizing the laser element which has the effective reflecting mirror which this invention is made in view of 
such a situation, and the place made into the purpose makes reflect effectively the light which leaks mainly to a substrat 
side, and is to raise the optical ejection efficiency of a light emitting device, and serves as a resonator inside a 
semic nductor layer. 
[0005] 

[M ans f r Solving the Problem] The light emitting device of this invention on the ground layer which consists of the 1st 
nitrid semiconductor formed on the different-species substrate which consists of a different material from a nitride 
s mic nductor Or it has the property to be hard to grow up. or [ that a nitride semiconductor does not grow up to be a 
front face ] — And the 1st reflecting mirror which reflects luminescence of a barrier layer is formed partially, and the 2nd 
nitride semiconductor which grew so that the front face of the reflecting mirror might be reached is further used as a 
substrate from the window part of the 1 st reflecting mirror. The laminating of two or more n'rtride semiconductor layers 
which contain a barrier layer at least on the substrate is carried out and they are characterized by the bird clapper. 
[0006] Furthermore, the 2nd reflecting mirror is partially formed on the nitride semiconductor layer of the above 2nd, from 
the window part of the 2nd reflecting mirror, by using as a substrate the 3rd nitride semiconductor which grew so that th 
fr nt fac of the 2nd reflecting mirror might be reached, two or more nitride semiconductor layers which contain a barrier 
lay r at least on the substrate grow, and the light emitting device of this invention is characterized by the bird clapper. 
[0007] As for the 2nd reflecting mirror of the above, it is desirable to be formed on the 2nd nitride semiconductor layer 
corresponding to the position of the window part of the 1 st reflecting mirror. In addition, in this invention, you may grow up 
th s miconductor layer which consists of material which a different-species substrate, the 1st reflecting mirror, a ground 
lay r. th nitride semiconductor layer containing the barrier layer above the 2nd nitride semiconductor, and the 2nd nitrid 
s mic nductor touch, and do not nec ssarily n d to b f rm d. for xampla, is different from a nitrid s miconductor 
am ngthem. 

[0008] Mor over, in the light mitting d vice f this inventi a ar a of the aforemention d r fleeting mirr r is characterized 

by b ing larger than the area of a window part 

[0009] 

[Emb dim nts of the Invention] Drawing 1 is th typical cross s cti n showing the structure f th nitrid semic nduct r 
wafer btained in ach process until it grows up th 2nd nitrid s miconductor lay r from a differ nt-sp ci s substrate in 
th light emitting device of this invention. 

[0010] In rder t gr w up the substrate which c nsists of the 2nd nitride semiconductor 3, as first shown in drawing 1 (a), 
on the different-*speci s substrate 1, the ground lay r 2 which c nsists of the 1st nitrid semic nductor is gr wn up. and 
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the 1st reflecting mirr r 100 is partially formed n th ground lay r 2. The different-sp ci s substrate 1 consists of a 
different material from the nitride semiconductor pr posed conv ntionally. and th mat rial with which a nitrid 
semiconductor can gr w up to be the front face thr ugh a buff r layer is chosen. Th xide system substrate which carri s 
out grid acljustment als in it with a spin I (MgAI 204) b sides the sapphire put in practical use, ZnO. GaAs, Si and SIC, and 
a nitride s mic nductor is pr posed. 

[001 1] The ground layer 2 can grow in 200 degr es C - 900 degr es C low temperatur through th buffer layer which 
consists of AIXGal-XN (0<=X<=1) by growing up a nitrid semiconductor at an elevated temperature rather than th buff r 
layer. In this inventi n, it is call d a ground layer including a nitride semiconductor including the buff r layer. That is, the 
gr und layer may consist of two or more nitride semic nductor layers. How ver, in order that a ground layer may grow n a 
diff rent-species substrate, according to factors, such as a coefficient-of-thermahexpansion difference of a different- 
species substrate and a ground layer, and grid mismatching, it has very many crystal defects, for example, has 109 more 
than [/cm / 2 ] penetration transposition, and does not serve as a nitride semiconductor substrate. As most desirable 
ground layer, undoping or n type high impurity concentration grows up three or less 1x1017-/cm GaN through a buffer 
lay r. In addition, the buffer layer which consists of nitride semiconductors, such as ZnO, and a different semiconductor 
betwe n a ground layer and a different-species substrate can also be grown up. 

[0012] The 1st reflecting mirror 100 formed on the ground layer 2 has the operation which lessens the crystal defect of the 
2nd nitride semiconductor layer which grows up to be a longitudinal direction so that the front face of a reflecting mirror 
may be reached [ from the window part of a reflecting mirror ] while having the operation which reflects luminescence of a 
barrier layer in the upper part. A reflecting mirror is preferably formed in the shape of a stripe, although what configuration 
Is sufficient as long as it forms partially on a shape of shape for example, of stripe, and dot, in-a-grid-pattern and 
ground layer, or [ that a nitride semiconductor does, not grow up to be the front face of the reflecting nnirror as a material 

f a r fl cting mirror ] — or if it is the material which has the property to be hard to grow up and is the material which 
refl cts luminescence of a barrier layer in a barrier-layer side, the multilayer which what material is sufficient as. for 

xampi , consists of the dielectric of Si02, SixNy, Ti02, TixNy, and Zr02 grade can be chosen h acts as a reflecting mirror 
by carrying out the laminating of these dielectrics so that it may be set to lambda/4n (lambda:luminescence wavelength, 
refractive index of nrdielectric). Moreover, the metal which has the property in which luminescence of a barrier layer is 
reflected with the metal of silver white, and a nitride semiconductor cannot grow up to be a front face easily like Pt, nick I, 
Gr. and Ag is sufficient In addition, as for a reflecting mirror, it is desirable to choose the material which has the melting 
point to which a dielectric multilayer, a metal, etc, bear the growth temperature of the 2nd nitride semiconductor. 
[0013] Although the 1st reflecting mirror 100 is formed on the ground layer which consists of the 1st nitride semiconductor 
which jgr w on the different-species substrate 1 as shown in drawing 1 , it can also be directly formed on the different- 
species substrate 1. For example, when sappiiire is used for the uiffererit-speoies substrate 1, it Is desirable to grow up the 
1 St nitride semiconductor 2 on sapphire when growing up the 2nd nitride semiconductor 3 with more few crystal defects. 
On th other hand, when using for a substrate the substrate which carried out grid adjustment with the nitride 
s miconductor, and a substrate with a near lattice constant it is also possible to form the 1st reflecting mirror 100 in 
c ntact with a different-species substrate directly. 

[0014] Next as shown in drawing 1 (b), the 2nd nitride semiconductor 3 is grown up from the window part of the ground 
lay r in which the aforementioned reflecting mirror was formed. Since the reflecting mirror 100 has the property in which a 
nitride semiconductor cannot grow up to be a front face easily, as the 2nd nitride semiconductor 3 grows from a window 
part and is shown in a broth and (b), it grows up to be a longitudinal direction in the upper part of the 1 st reflecting mirror 
100. If growth is furthermore continued, as shown in drawing 1 (c), the 2nd nitride semiconductor which grows up to be a 
longitudinal direction and lengthwise will be about connected in the upper part of a reflecting mirror center section, and will 
s rve as a nitride semiconductor substrate. When the 2nd nitride semiconductor 3 is grown up, the crystal defect of th 
2nd nitride semiconductor which grows up to be a longitudinal direction stops thus, extending from a ground layer by 
covering the crystal defect of the ground layer 2 with the reflecting mirror. Moreover, as the crystal defect extended fr m a 
window part Is the 2nd nitride semiconductor layer, in order to stop, after the 2nd nitride semiconductor layer growth, th 
crystal d feet which appears in a front face decreases very mucK for example, becomes 2 or less [108 //cm ] and 2 or 
less [107 more //cm ]. The 2nd nitride semiconductor 3 is the most desirable when it produces a crystalline good 
substrat that undoping or n type high impurity concentration grows up three or less 1x1017-/cm GaN. 
[0015] As a still more desirable mode, as shown In drawing 1 (d), the 2nd reflecting mirror 101 as well as [ still ] the 1st 
r fl cting mirror is formed on the 2nd nitride semiconductor layer, and the 3rd nitride semiconductor layer 4 is similarly 
grown up into the upper part of this 2nd reflecting mirror 101. By forming the 2nd reflecting mirror 101, the crystal def ct 
of the 3rd nitride semiconductor 4 grown up into the upper part of the 2nd reflecting mirror decreases further. That is 
b cause there are few crystal defects of the 2nd nrtride semiconductor layer 3 used as a ground As preferably shown in 
id), it se s superficially from a nitride semiconductor layer side by forming the position of the 2nd reflecting mirror 101 in 
th front face of the 2nd nitride semiconductor layer 3 corresponding to the window part of the 1 st reflecting mirror, and 
since it becomes the form where all were covered with the reflecting mirror, optical ejection efficiency improves further. 
M r ov r. when the crystal defect of the 2nd nitride semiconductor 3 has appeared in the window part, for example, for a 
wrap reasoa the crystal defect of the 3rd nitride semiconductor layer which grows up to be a longitudinal direction on th 
2nd reflecting mirror decreas s th window part further with the 2nd reflecting mirror. That is. as for the 2nd reflecting 
mirror 101, it is most desirable to f rm on th 1st nitride s miconductor lay r 3 to which the crystal defect has app ar d in 
the front face. H wev r. y u may f rm th 3rd r fleeting mirror at random. 

[0016] Th perati n f th refl cting mirror f this inv ntion is as follows. Th nitride s mic nductor layer which gr w 
from th wind w part f a refl cting mirror and gr w up to b a I ngitudlnal direction on the surfac of the refl cting mirror 
has very f w crystal def cts. Ther for . th crystal defect f tw r m re nitrid s miconductor lay rs containing th 
barri r lay r grown up n the substrate d creas s lik a nitrid semiconductor substrat by using th nitride semiconductor 
as a substrate. Theref r . an I ment becom s long lasting, in rder that a crystal defect may n t carry out transposition 
to a barrier lay r, wh n a light mitting devic is pr duced. M reov r. it impr ves in all fi Ids, such as pressure-prooflng of 
an opposit dir ctioa and the curr nt charact ristic of a leakage current And for a certain reason, the light of the 
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peration which reflects luminescence f a barrier layer in a barrier-layer side which leaks t a substrate side deer as s, 
and optical j ction ffici ncy of a reflecting mirr r improves in the light emitting devic which mak s a semiconductor side 
a luminescenc bservation side. Th r f re. while the reflectiv s ction bee mes large and optical ejection ffici ncy 
improv s by making area of a reflecting mirr r larg r than th ar a of a window part the number of the crystal d fects 
extended from a window part also decreas s. and a still mor d sirable light emitting device can be realized. As stat d also 
in advance preferably, since it bee mes the form where the reflecting mirror was wearing all the fi Ids substantially on the 
flat surface, by arranging a r fl cting mirror in tw r mor stages lengthwise, optical ejection efficiency improv s further. 
M re V r, in the case of a laser lement, since it acts as a r senator, a surface emission-typ laser elem nt is r aiizabi 
[ the 1 St r fl cting mirror 100 or the 2nd refl cting mirror 101 is in th int ri r of a s mic nductor layer, distane of while 
with a barrier layer is near, and ] with a nitride semiconductor. 
[0017] 

[Example] [Example 1] drawi ng 2 is the type section view showing the structure of the Light Emitting Diode element 
cone rning an example 1. Based on this drawing, an example 1 is explained below. First the MOVPE method is used on th 
different-species substrate 1 which consists of sapphire, and the 1st nitride semiconductor layer 2 is grown up. The 1st 
n'rtrid semiconductor layer 2 consists of a buffer layer which consists of GaN which grew at 500 degrees C sequentially 
from a different-species substrate side, and GaN which grew at 1050 degrees C on the buffer layer. 
[0018] N xt by the GVD system, all over the 1st nitride semiconductor layer 2, a wafer is picked out from a reaction 
contain r. and two or more dielectric multilayers which consist of Si02 and SiN are formed by turns so that single 
thickn ss may be set to lambda/4n, and a dielectric multilayer is formed. 

[0019] A mask is formed in the position on the dielectric multilayer after dielectric multilayer formation, selective etching of 
th dielectric multilayer is carried out. and it considers as stripe width of face of 10 micrometers, and the stripe interval 
(wind w part) of 2 micrometers, and considers as the 1st reflecting mirror 100. In case such 1st reflecting mirror 100 is 
form d by the dielectric multilayer, form a dielectric multilayer all over the 1st nitride semiconductor layer first, and 
sel ctive etching of the dielectric multilayer is carried out after that. The technology made into a predetermined 
c nfiguration forms a mask in the position on a nitride semiconductor layer, forms a dielectric multilayer from on the, and a 
di lectrie multilayer tends to form it by uniform thickness compared with the method of removing a mask and leaving only a 
dielectric multilayer by the lift-off method after that Moreover, since it ***»** 4 .4. » »s. the nitride semiconductor layer front 
face of a window part also tends to observe an etch pit a crystal defect etc. which have appeared in the front face. Th 
same f the advantage of this technique is said of the case of the 2nd reflecting mirror 101. 

[0020] N xt after forming the 1st reflecting mirror 100, a wafer is returned in a MOVPE reaction container and the 2nd 
nitride s miconductor layer 3 which consists of undoping GaN at 1050 degrees C is grown up by 20-micrometer thickness 

rnn9ii a wAf^r 
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again the dielectric multilayer which consists of Si02 and SiN all over the 2nd nitride semiconductor layer 3 in a GVD 
syst m, from selective etching, it considers as stripe width of face of 10 micrometers, and 2 micrometers of window parts, 
and considers as the 2nd reflecting mirror 102. However, it forms so that the stripe of the 1st reflecting mirror 100 and the 
2nd reflecting mirror 101 may become parallel, and it sees from a flat surface, and is made for the window part of the 1st 
r fl cting mirror 100 to be closed as the formation position of the 2nd reflecting mirror 101 is shown in drawing 2 . 
[0022] Next a wafer is returned in a reaction container and the 3rd nitride semiconductor layer 4 which consists of 
undoping GaN at 1050 degrees C is grown up by 20-micrometer thickness. 

[0023] Thea 4 micrometers of the n side contact layers 1 1 which consist of n type GaN which carried out Si dope at 1050 
d gr s C are grown up. and 0.1 micrometers of the n side clad layers 12 to which Si concentration consists of GaN fewer 
than the n side contact layer on it are grown up. 

[0024] N xt the barrier layer 13 which consists of undoping In0.1Ga0.9N which has the single quantum well structure of 
30A of thickness at 800 degrees C is grown up, 0.1 micrometers of the p side clad layers 14 which consist of Mg dope p 
typ aluminum0.1Ga0.9N at 1050 degrees C on it are grown up, and 0,5 micrometers of the p side contact layers 15 which 
b e me the last from Mg dope p type GaN are grown up. 

[0025] After picking out a wafer from a reaction container after a reaction end, performing annealing at 700 degrees C 
am ng nitrogen-gas-atmosphere mind and forming p type layer into low resistance further, as shown in drawing 2 . etching 
is performed from the p side contact layer 15 side, and the front face of the n side contact layer 1 1 is exposed, then, the 
front fac of the p side contact layer of the best layer — almost — the whole surface — ohmie one of a translucency — 
th p el ctrode 16 of business is formed and p pad electrode 1 7 for bondings Is formed on it On the other hand, the n 

I etr d 18 which consists of W/aluminum is formed in the front face of the n side contact layer 1 8 in which the point was 

xposed. 

[0026] After grinding silicon on sapphire and making it thin finally, when it separated into the chip of 350-micrometer angi 
and considered as the blue Light Emitting Diode element as compared with the conventional Light Emitting Diode element 
which do s not prepare a reflecting mirror, it improved 50% or more with the output and improved several or more times 
fr m th element life. Moreover, pressure-proofing of an opposite direction also Improved 50% or more as compared with 
the conventional thing. Since the 2nd and 3rd nitride semiconductor serves as a substrate, the crystal defect of this of the 

lem nt itself decreases and it can be imagined to be that pressure-proofing of an opposite direction and whose elem nt 
Irf improved 

[0027] [Exampl 2] drawing 3 is th type s ction view showing th structur of LD I ment c nc rning the xampi 2 of 
this invention, and specifically sh ws th structur f a surface emission-type laser lement Bas d n this drawing, an 
example 2 is explain d b I w. 

[0028] Th laminating of th 2nd refl cting mirr r 101 of the shap of a stripe which consists of a GaN buff r lay r, the 1st 
nrtrid semiconductor layer 2 which consists f und ping GaN, the 1st reflecting mirror 100 of the shape of a strip which 
consists f a di lectrie multilayer, th 2nd nitride semic nductor lay r 3 which c nsists of undoping GaN, and a di lectrie 
multilay r lik an exampl 1 n th diff rent-species substrat 1 which c nsists f sapphir , and th 3rd nitrid 
s miconduct r lay r 4 which c nsists f und ping GaN is carried out to order. 

[0029] Then, after gr wing up 4 mier m ters of the n side contact lay rs 21 which consist of Si d pe n typ GaN. th 
httpy/www4.ipdljp .gojp/cgi-bin/tran_w b.cgi.ejj 03/09/03 
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oscillation was shown in the room temperature and the 41 Onm ^^'J^^J^lf°^^^^^°^^ concerning the example 3 of 
JSn'ln'^'ZlS."'l t'^ «» 2n- nhn- so,.ioo„duotor U.,=r 3 is ^o«„ up .ff r ,o™lng th. "» 

-.ra-tS^tTtSS^^r^^^^^^^^^ , 

c ntact layer after removing a *''^«^«'^P**''*t '^ k f ITh-rmo^^^ as a substrate it is desirable to be referred to as 
layer and the 3rd nitride semiconductor layer which furthermore serve as a ^^^.^^ 

bw-^%"iro^-Cer2^isf^^rJ?u^^^^ 

sapphire side and the different species suDsirate ■, exoosed nitride sem conductor lay r 2, 

are r moved. Then, after preparing ring-like n electrode ^« f?"* triate' elemertT^^^^^ as shown in drawing 4 . 
the wafer was separated in the shape of a chip, when ^^"^"'^^f,!^. the ilOnm laser beam was observed from the 2nd 
c ntinuous oscillation was shown in the room tempera^re ^^jf^f^'^J^^^^^^^ the ohmic contact 

"oft" rZ:^~ ^"chtlr s:^n: :^:rS^:^'^ and o type .m^pur^ .e doped on 

the front face of the 2nd nitrid semiconductor lay r at high cone ntrati n. 

f the invention] By the light mitting device of this inv nti n a^^.ajn d above, since th cn^staNefect of a 
nitride semiconductor layer which grew fr m th wmd w part f a r fl ^J^ZJ^f^ TtTo or r^ re niSid 

this refl cting mirror is used positiv ly. a surface emissi n^pe las r element is realizable. 03/09/03 
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DESCRIPTION OF D RAWINGS 
[Bri f Description of the Drawings] 

[Dra wing 1] The type section view showing partially the structure of the wafer for explaining each process at the tim of 
manLrfacturing the light emitting device of this invention, respectively. 

[Drawing 2] The type section view showing the structure of the light emitting device of an example 1. 
[Drawing 3] The type section view showing the structure of the light emitting device of an example 2. 
[Drawing 4] The type section view showing the structure of the light emitting device of an example 3. 
[Description of Notations] 

1 ... Different-species substrate 

2 ... 1 St nitride semiconductor layer 

3 ... 2nd nitride semiconductor layer 

4 ... 3rd nitride semiconductor layer 

11 21 ... The n side contact layer 

12 22 ... The n side clad layer 

13 23 ... Barrier layer 

14 24 ... The p side clad layer 

15 25 ... The p side contact layer 
20 ... Crack prevention layer 

26 ... Current blocking layer 

16 27 ... p electrode 

1 7 ... p pad electrode 

18 28 ... n electrode 

100 ... The 1st reflecting mirror 

101 ... The 2nd reflecting mirror 



[Translation done.] 
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(54) mmo^mi mit<soi^m<^m^m^ 



(57) mmi 

«Sfcg^bi^iJi^{t:ASfiS;:^b:&V>*.eb<«±m:^b 




(2) 

1 

[s»*JS 2 ] Hutam 2 ®M{bt»*^i*;li©±t:i^ 2 © 
«tt« <&^tr«ls©^{bi^iH^#f*;g#f!£«^ n-r ^ 

nTv^s^:i:SriRf^^:■r^i»«S2^ci3«©S^b!iI#« 20 

[^qS©P«B«§^B^] 
[0 0 0 1] 

im.m.±o^mm^m^ if.mm^%^'^:^-Y (le 

D) . (LD) . 7.—?^—)\yK^v't 

yV-Sr'i:^-Y (SLD) ^tffiffl$tl5^^bife|i|£Sii*: 
(I n.AlbGa.-.-bN. 0 giu 0 a+b^ 1 ) 30 

[0 0 0 2] 

Slb!K)*«i*;tt#fe LED, iS^fe L E D 
i:LTKEK;5lffl'fb^nTVN?.= 3ix?> LED{±+»- :7 7"f 
TftKJilcnM. pM©^ib^*«#;As«®$nfc<5^:r 
;i/-^5^D«ji^*U aSiiH:fi^#P«ii©^<bi^#^ 
S^*:Jg^*U•CV^So LED^«|j*i-S^lbi^4^2»i*« 
c:©-9-7r-i'Taffifflfl?£^3ifeSa!lHlili:^S 

fl©«@#iH]-®{Pj{c^{t?>tiTv^?.fc*?). -y-^T^fT 
©.fcd«;3^1t«;icasi<&jSig|-rsi^c> 5^>i/:r-y-'i'XAs 

3fcf±, 0ai«y-K7u-A©gE«aife:i!aiR$nt:^si 50 
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2 

LED{±. Y U >^ttCDAV>«#©:&isa 

[0 0 0 33 

[^ratffil*bJ:di:-r5RM] «%©®^, 

c:©ftiST-a:*^+;9>g}£-e#5*)©T-fi^:*»ofe. * 

Jt?.i:mJli:©E§SI*s:^§-r^T. RmWl^im^h 
■r^©AS|ibV%MlolCS-5o 

[0 0 0 4] *^raH:ci©ia*:*«^S«^T&$h,fc 

*.©t-ife^t:> •e©@8«J^:■rsi:^l^^4^ itb-csis 

«!i{3«ti*^«r:^^icsihr^-y-t> ©item ffi 
bS!)*siai±$^-e-?.ci:(c$.t). ^tz^mi^mn^ii^n 

[0 0 0 5] 

{bifeil^^^l#:ASfigS b^ v^*>^ b < Jifigfi b t: < S 

w bv d^o7si4«©^^*^*r-r 2.^ 1 ©s«^*^gi5^ 
etjfcjKBE^n-r *s , ^ 6 t:*©ig 1 ©Mi^©igsp*» 

ttS*^tr^l&©^lbife;4^«<*Jg*s«S$nT&i.c i: 

[0 0 0 6] $?>lc. *^^©^3fc^?tt^ mff3^2© 
^Yb!^*#»®©±{cB 2 ©S«j^*sg|5^fi<)fC}^fi£^ 

■e®S2©si^©ssp*c,s *2©sitii©aH 

Jc:M5J;-5JCfigft$nfcig3©M<bigBi|i»fli:*SSi: b 
^®«tS©±lC'>*< i:*,}Stt«^£^tf^St©^'fb 
i^^^ii^Ji JbSfigft ^ & S C i: i: -r S . 
[0 0 0 7] Hul3^2©MI*m, ^l©Si*^©^gi5 

©tfl[fiK:*tf& bfc^ 2 ©S'fb^*«<*:S©±tcj^^$ n 
TV%2,:ii:Asa*bv-.. :&i5. *^^tcj3V^T. S«a 
W.. ^KD^mm. Tmm. ^2©aYb«3*^<*:<t5_h 

©fiitti ^-^mibifgai^mn^miif^ 2 ©^{bi^i^^w*: t 

[0 0 0 8] *fc*^w©^?fcig?T-a, mmssm<D 
mmifi. sa5©a«J:t)t.>^tv^^:^:s^#gsc^:1-s. 

[0 0 0 9] 

[*W®SIJii©fl^S8] Sltt. *^S9©^3fc«^t43V^ 
»a««A»?.^2©^^biKl^»<*:Jl*^«^-y-S* 

T•©&xg^c43v^■r^f ?>ixs^{bigii|£as(4^';7 3LWN©«s 
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C 0 0 1 0 ] ^ 2 (Dmiti^^mi^ 3 J; D ^ SStRSfigft 

^-a-s{ci±, *-riai (a) ^c5^-r«t^^3^ mmmn 

-B-^ ^(Dynm 2 0±{cm 1 cDsst^ 1 0 0 ^^^mvi 
mmt^. Maa«ittti^3i5J:t)«^^nTv>s^^b«^ 

t:;^.;U (MgAl 204) > ZnO. GaAs, Si, S 

[001 1 ] Tttl 2 tt. m^it 2 0 0*C~ 9 0 O'CCD 
^£SK;^^V^T^ AlxGai-xN (O^X^l) 

i:V>do T«6«(i1SIS®S{biiJ*2»i*:aA^e.fi£ 



nM^M^S«*si X 1 0' Vcm^>!,T©GaN^7^•'y 
©ra Z n 0 ^CD^{b!gJ*?l*{*: i: ««t 5 J; 

[0 0 12] rMm2<D±izmss.-r^mi<Dm.mmi o 
rRitj5E:^-ri,^2cDSfb'^^3¥<*e©i^^^RS<&'j>:fe< so 

2, S ixNy. TiOz, TixNy, ZrOi^CDmMi^ 

/An (A : n : ^«{*®a#f*) 40 

Ni. Cr. A&l?®J:dC:i. 
■C-Stt»®^?fc^feRitb-C, «ffltS^b^isit#^*:*SfiKfi 

sim^^jiMx ^^d^^ 2 cD^>rb%)ii&^<D^;g^ 

[0 0 13] ^lOSltiSl 0 OttSllCg^-riatCS 



bife:«-^{C(±, •b-7r'f7CD±lC«gl©^^bifel*« 

^ibi^iii^St^*3^&fiKft^-&-5±-eS*bV^o Sifi 
cs<btJ*SSi*;tl&^=-S-&bfc««, 

[0 0 1 4] iJjt;:0l (b) \zm-t^oizm2<Dm\:,m 
S^-B-So RMWil 0 Ott^liCg'fbfJ^^WIiiASfigftb 

?&ssii^^m^v-fzi.. (b) (c^-r«ta(c. ^i©s*f 

ItSh, 01 (c) ^c?^t- iatc, «l*|PlSUf«St*IfiIl^ 

2©^<bi^^«**:3^J5gS^-B-Si:. Tflb« 2 ©iSSflis: 

i.^2©^-fb«!J*#fl:©iKB^^RS{i. T:«bji*^^{ftFT 
C55;<;5;:5o *fe^SP*^?><^ZfT < S^gSi^iRSA^II 2 © 
^fbiK»*3¥«:M©i^4'-r-±* ^ 2 ©^ibife*# 



AJr m cf^ 



«»JX.«1 0«<l/cmU:i,T> $e.K:{±l O^fl/cmH^t 
TC«;So ll2©S-fb^#*i*:3{i, 7>b--7-Sb< 
ttnM^Sfti^SSAs 1 X 1 0 ''/cmnxr(DGeiNt:m. 

s^-e-s CI ^:ASi^fi^^©Av^a«^#S!■rs±T•«*)^f 

[0 0 15] bV^^«^:bT. ^1 (d) C 

©SW^i:i5l«C^2©RltMl 0 l^BfiEb, C©m 
2©Sit^l 0 l©±a5{C, ^3©^{big3ij^*#:S4^ 

i3]«{cbT^fi?-a-So B2©Ri*Mio isf^figt-s 
^fctJ:!). ^©SB2©SS*«©±a5CfiKS$*SB3 

i^-fl&t^^m 2 ©^<b^*«($:« 3 (Dm^iKmifi'p-^ 
^^*»e>T■$)S. iif*b<{± (d) tg^xf J^-Pt. ^2© 
Sit^l 0 lO(4gS. Sgl©SI^©^gBlc?^|&bfc 

« 2 ©^^b^i}^^si<*:ji 3 (ommizmm-r^ ^ 1 1: i ?) , 
^{b^ii^-IS«i;»«I6^e.¥fflW{3i,T. ^T/&ssitMT-S 

5. *fc^J^LK^2©l[fbife)i|tSI«;3©ieffi4<lR6*sSgiJ 

{c]g^^Tv^s:^-&{c{±. •^®^gg<&^2©sitMT^re, 
icUotztb. «2©R«^©±c«;^iPi{cfigfi$tL.5^ 

3©^<biKj##i*;»©sa^fii*s$e>tc'j>'B:<^*. in 

%^2<DmMmi 0 lB:i^S^?H5*s*iBt3S^^T^^S^ 
1 ©^'fb^^^ftiB 3 ©±{CJK^^S C ^ b 

VN, fibs ^3©SI*^t±^>^Atj^fi£b-Ct)J:VAc 
[0 0 161 *^W©SI*^©f^fflH:*©aD-efei.. 
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CH:, ^1®SS^1 0 0^b<H:^2©Klf^l 0 1 



LU U X (J 



[Hffifi^J] [^M^^iJ 1 ] 0 2 H:|im«?iJ 1 {^^^ L E D« 

«l®±fc:MOVPEffi*fflv^•r> ^ 1 ©M<b«(*3*«i; 

)i 2 ^jsgft^-e-So m 1 ®s^bi^#iii*:ji 2 ttMaatg 
mtf^mi^. 5 0 o-CT-m*$nfcGaNj;!}&s>'^5' 

7 r Ji iis 7 r M©±t 1 0 5 0 -C-ejESftStifc G 
aN*f>«:So 30 

CO 0 1 8] *tS/i£;^SIA^e.'i':ii-^N<&S5i>)aiU c 
VD^g{Cj;»). ^lCDSYb^*«<*S2©±iaC^ S 

[0 0 1 93 mm<*.^msmsm. ^©iim<*^iiffi® 
SSS^3^>:'^></bT. ;^ h^-f r*i 1 o^im. 

-iymm msi) zumti^. ^icDsit^i 0 ot^ 
5„ ^.(DXotjimi (D^mm. 1 0 0 ^mm{^^mm.-^m 40 

bT. m^©ji^i:^sft^s(i. m^hm^mii^m(D±(D 

*b-csim^»M©a^*S-r:^SJclt-^T^ 
^T-»l«tt:^BM*^ffJ^b^-rv>c ^fc. sa5©s^b^ 

©fJ^HCx 2 ©SM^ 1 0 1 (D^^W^tt^^. 50 



[0 0 2 0] ifeC^ 1 ©SIJ^ 1 0 0 SJfMbfeM> •> 
i— >'\^MOVPES/iSii:g|^{c:MU, lOSO'C-^T 
> K-rO a N J; ») 2 ©^Ybi^i^#<*;ig 3 2 0 
/zm©)KJ?T-JEigft$^1f5. 

C 0 0 2 1 ] ^ 2 ®^{b^ili«^*:iS 3 WuW4k. >> 
SSli&§S4»^>Slt)iBU SKCVD^atCT^ 112© 
^.{zm^m'^m 3 ©^Bt Si0 2iiSiNJ;»)S:SSI 

7"»il OAm^ ^gP2/zmi:b, SS2©MI^^1 0 2 
fib®2©Slt«Sl 0 \ (DW^mSLm.\±. E2C 
5^-r<t-5t> IS1©SI«^1 0 0i:^2©Si^l 0 1 
©X hv-f r*s¥^ft3:&i,<t3{CJi5Jg!cbT. ¥a*^f>i. 
T> »l©Mittll 0 0©,«|[P*sS*Si,J;d(C-rs. 

[0 0 2 2] *«C. ■>i-/NSSf6^Srt{cglU 1 0 
5 0-CT-T>K-rGaNJ;>3^i;S§l3®^fb<fe|if£»ft 
S 4 4 2 0 /im©MJPT-fia*$-B-.So 

[0 0 2 3]SIV^T^ 1 0 5 O'CT-S i b'-^-bfenM 
GaNJ;?)«t5n<ffln>^J'^' bJil lS4/imJ5gft$ 

GaNJ:>)^Snfi!l^5^^^y KB 1 2^0. l/imsg*$ 

r r\ /\ n A ^ \X-» >-«■ r» r\ /\ •/^—v* DttRsr ^ /\ i_ n t-r — r t i— . 

t U U ^ '± J <AV^ O U U O iBt;?^ O U>q ^V-^ l'>-» — 

A©*-S^#P«ji:&^-rST> K-y^Ino. iGa 
0. »NJ:»3^C5«<£B1 3^Bg:^$-€-^ ^®±(C105 
0-CT?Mg K— T'pMAlo. iGao. .Ni t)«:?.pfllli5' 
^5' He 14^0. l>um^S^*. MgK- 
7'p^GaN<t?)&5pffill3>iJ'^ 1 5*0. 5 // 

[0 0 2 5] SfB»T«. '^7i-y^*SJiB^*»6K^) 
tiiU SlR#B^ft'7 0 0-CT-T-— 'J>ii^<fefTV\ p 

mm-^-^^^^'mm'Gx.fz^. S2icg^-rj:3icp#j3 
hpi i©*iBSsm$-e-So -eos^, g±®©pffi!i3 

^^J'^ KaoSSOStJ^aJCjl^tS©:^— S. -y^lS© 
P«®16 4JKfiKU ^©±t:i5l^>-7^-f ></ffl®p>'^?' 

>^'? hgl 8©«®t:tt, W/A 1 J;»)ft5nSSIl 

[0 0 2 6] ft^tc. -tt^T-f T«*S<feSfebT^< b 
3 5 O/zm^C^^yrC^SbTWfiLED*^ 
i:bfei:ci5, Sit^SaS;Jt«;v^«e3l5©LED^^^CJt 

«t bT. uiiJT- 5 0 %i^±rpi± b. m.^m^-nm.^ix±. 

t^rnl±bfe, *fe3S»??fpl©Wff*)|ie*®'fool3itttb 
5 0%Jii±[nI±bfeo ^n{iB2. B3®SYbt!4^ 

ii>^<^t)^ 3l*|Si©iBE. fg^#^*sfRl±bfc4)Ofc 

[0 0 2 7] [Ilffi0y2] 03tt;^^Rg©^08 2t^ 
SLD5R?©filiiSg^tm5fil!if®E-efet), *«tatlCH: 
tS^afeU— tf^^©«ii^£^bTV^-5o tiT:i©®S7u 



(5) 
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. 7 

[0 0 2 8] mtmitmrni^Lx. D-yy-tr^f)^ 

2)Maa«l®±f-. GaN>'^•>>7 7'l^ T> K— T^G 

T-G a N<t 0 3CD^Yb!^i|i|¥«:l 4 <fe)lg(C®@$: 

[ 0 0 2 9 ] i!iV^•r^ S i F-7-nSGaNJ;»)3B:Sn 

ffln>^i7 i.jg2 l*4/imfieft#-&t^. Kff2 5;t- 

ho— ACDT> K— rAlo. isGao. ssNSi:, 
M^2 5;i->y:^ rD— A®S i K— >^GaNjii:^j£ 

i'^^i' K«2 2$f!Kft^-e-S. 

[0 0 3 0] i)t:(C, 4 0:^->>/;^ hD-ACDT> F — r 
I no.o.Gao. i,6N.t»)*i.^SJgi:4 0:^><7;^ ho 
- A CD > h* — r I n 0 . 2 G a 0 . 8 N i ?) S # p ® ^ 

hU— A®^Sa?#P^ji (MQW) comtsM 

[0 0 3 1]^J;fc, 2 5:^ i'^;', h n— K 

A lo. isGao. 86NSt. 2 5:*->^;^ bn— A©Mg 
>--7-GaNJSi:$:35ES{Ci«JSL.-r. i^MJPO. 4/ziii 
©S»?e <t?)«:5pffl!l^7'yHJg24 5 „ 

[0 0 3 2] pm^^^y ^•Jifi^«^^ ^7^— >'\<&SfS^ 

Sr^OpM^{^v^y K®CDaffl{CJi^fig-rSo fib. -^-CDV 
;^^®{fl[BH:Huf3^2®R|*^l 0 li»)*/h$<. ^ 

OSit^cDX± {c 5 J; a t^BJEKI- 5 . 
[0 0 3 3] ^MMfl^fiE^v S«s 'i7x-^\^SJ^>g^ 

ii2 4©m®t:S i K-rnSAlo. iGao. .NJ:»)5& 
S«ME±Ji2 6$0. 4//m©M^T??BJ5g-r5o 

7•b•r^.pS{c«;^)t<V^pM^i|^^^&^•-7•bT. i« 
gtni«:iM®^-fbifei*SWii:JifcbT4.iv^b. ifcAl 

G a N ^^^fig-r -5 i: *) T- § S . 

[0 0 3 4] mmpajta 2 6?b^^x "^^-M^sts^ 

S4»e.BJ?)Uib. «MM*«S¥ll!5*bfe«, WVSfS^ 

MGaNJ:»):&Spffl!l3>^^ hJl 2 5 <£figS^-a-S„ 
[0 0 3 5] SliS^T^. 7--«J >V^f7\'^pm^^ 
e.t(a»JftYbU IISi6091 i:l5lb<> Jis'^>^t:j:t) 
n{S!|n><J'i57 h^2 2®— gB$:mm^■a■^ SHibfeniPJl 
h«2 2i;:n€MI2 8?£fl^fi£-rs-;!!r. p^n 
>iJ'^ hS®S®fc:pSBg2 7$:J&JEKbfc^. "^oi— .fx 

y ^{C^SI bT0 3 fc:g^-r<t -5 U— »f 
iibfctCl^S, ^Mt43V>TJi^«fiSg^U 4 1 On 



8 



[0 0 36] [mmmai ^4:ti::^Mm<Dmmm3izm 

ffl^3feW-1flN^^©^ji^^bTV^S. WTiOH^^c 
(Cx Syil0!l3Sltt^1--5o 

[0 0 3 7] HJSWI 1 ^C*V^T^ It^ 7"f T J; D 55:SS 
aS«l®±l3, GaN-'N*>;7 7 7')l. 7'>H-7'GaN 

J; s » 1 <Dm<m^m<^m 2 , gim#BM i ^ 

10 2©g{b<fei|i#«:e3*fig«$^-e-5|^Jc, Si?&5x 1 
O'Vcm' H-rbfeGaNi^ 6 0 /zmOMPT-fie:g$ 

*^'^S*5«b<^?.|iaiai{zfeSo $^^tn^^M«fe^ 
'i>fi H-r-r5©H:. Sa««S:^*bfe^{C. SUi^ 
nsB2®S{bi^i#39l#:Ji3. ^®fe©:&:3>^S'i^>B 
h-r^ts^^Xh^o $e>lc»fii;:fe;5^2©^fb!^i}i« 
20 »3©^{b^ili#<*StiiM^iSiEtl$: K-rtS 

^lc*)M-<-feJ;-5fc: 1 X 1 0 • VcmH^TfTS 

*©i^B^^PII©iS*s#<:feoT. i^ii^^©mv^afiei:6: 

[ 0 0 3 8 ] ^ 2 ©^-fbiKi^^itf*:^ 3 mmm 1 
fciHifiicbT. ^2©sfi^i 0 isj^^K-rs. ^2© 

SifMJI^fiE^^ T>b--rGaNJ:?))5;Sll30^fbife 

[0 0 3 9] *(CS b-— :rbfel no. osGao. qsN 
30 J:»)fig5^'75'^>B5±B2 OSO. 1 5 X£m©M»T-fiK 
S o ^ 7 <^ mitm 2 0 {± I n ^^tf^fb!^4^» 

^ •& S A 1 ^^tr^< bifei|i3¥«:S lc:^7'y^^ASA»)t:< 

AtiT m^ c i; ti a d * T- 1) *c v>„ 
[ 0 0 4 0 ] tttHiE^ 2 t iU^IC bT. SIS^ J; t) 
J&SnfflHi'^'y HJS2 2> MQW®tStte2 3s 
<t !3*t5pfil^7>v Ffl2 4. mjSISJha2 6, pfflin 

40 [0 0 4 1] RJISSIT^. T— — U><5^$rffV''P®*^ 

6.t:fiajfi;fbbfc«s v-yy-crmt'^mmi^x. mm 
s« 1 . ^ 1 (Dm<m^mi^m 2. mi ©sw^ 1 0 1 
^m^t^o ^©^. mtii:^^tzm2(Dm<m^mi$-m 

2©gffifc:'J>ytt©nS®S:l5{tfca. 
lyTttC^fltbT. EI4K:^-r«td5a:«iiOU— »f^? 

i:b3fei:c5. ^®t:*a^T5^^^S^^^U |3|b<4 
1 0 nTa<DU-V9tis^m 2 ©S-fb^^iji^S 3fflA^t>^ 

50 y^>y'-i^3>m<Dtmt:m^'^X^ %2<Dm.i}ijm^ 



(6) 



[0 04 2] 

IS. 
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[04 ] mmm 3 ©^jfc«^®«3t<£^>i-«si;»fa 



[^^oiiW] 

1 • • • sas^g 

2 • • • ^ 1 ©^^bf!)^3l«^» 

4 • . -mscomim^mi^m 

11.21- • . nm^y^^ vm 

12.22- - • n{B!l^-7^y YM 

1 3.23 • • -jsita 

1 4, 2 4 • • • i>m^'p^y YM 
15,25- - - pfflOn^^J^i' MS 

2 0 • - • ^'7V'!7m\tm 
2 6 • - • 

16.27- - - pm«i 
1 7 • • • p/^^i' KS® 

18.28- • - nrnffi 

10 0- • • ^ 1 (Dsmm 

1 0 1 - • •^2©H|fiS 



20 



0>) 





101 
100 




.100 
^3 
— 2 
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[04] 




